Historical temporal trends in monthly, seasonal, and annual mean, minimum, and maximum streamflows from the Okanagan River watershed in south-central British Columbia, Canada Existing and projected temporal trends for the timing and magnitude of streamflows in western North America have received significant scrutiny over the past two decades (see, e.g., ref. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] ). There continues to be active debate in the literature as to whether any hydrologic changes are occurring, and if so, whether they can be ascribed to natural cycles or human-induced alterations of the climatic system. In terms of water management, the primary concerns involve an earlier melt of the winter snowpack, leading to an earlier (and potentially more intense) freshet peak with concomitant risks of flooding, followed by lower late summer flows that can pose risks to ecological functions and a reduced availability of water for agricultural and domestic/industrial uses. For some regions of western North America, decreasing absolute and/or fractional streamflows have already been reported during the late spring and summer periods [1, 4, 6, 7] , with increasing absolute and/or fractional streamflows during the late winter and early spring periods [2, [4] [5] [6] [7] 15] , and an earlier arrival of the spring runoff peak [3] [4] [5] [6] [9] [10] [11] [13] [14] [15] [16] .
In the Okanagan River watershed (Figure 1 ) of south-central British Columbia, Canada, a number of studies have investigated temporal trends and patterns in climate and hydrology [6, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . The results and interpretations of any historical and/or projected hydrologic changes -and the risks they pose to water management systemsappear to vary between research groups, warranting additional independent investigations. As part of the current work, we examine historical trends in monthly, seasonal, and annual mean streamflows, as well as minimum and maximum monthly streamflows, at nine hydrometric stations in the Okanagan River watershed ( Figure 2 ). Streamflow data was obtained from the online Environment Canada/Water Survey of Canada database [33] ( Table 1) . Oliver (08NM085) was considered in our previous works [19, 20] , and is not re-analyzed here. Record lengths vary from 27 (08NM241) to 93 (08NM002) years. Gross drainage areas range from 4.5 (08NM241) to 6720 (08NM002) km 2 .
Statistical analyses of streamflow data were conducted using the nonparametric Mann-Kendall test for the trend and the nonparametric Sen's method for the magnitude of the trend [34] [35] [36] [37] [38] [39] . Details of the non-parametric Mann-Kendall test statistics for historical temporal trends in mean monthly, seasonal, and annual streamflows and monthly minimum and maximum streamflows are given in Tables 2  through 4 . An overall summary of significant hydrologic trends and their direction is provided in Table 5 . Mean monthly streamflows, as well as mean monthly minimum and maximum flows, at each station over their respective available hydrometric records are shown in Figure 3 .
None of the stations exhibit any significant changes in mean annual flows, consistent with our prior conclusions at other stations in this region [19, 20] , and in contrast to previous claims of reductions in annual mean runoff reported for streamflows in the Okanagan River watershed [6] . Both of the mainstem Okanagan River stations (08NM050 and 08NM002) have significantly increasing mean streamflow trends during the July-September seasonal period. Stations 08NM050 and 08NM174 (Whiteman Creek above Bouleau Creek) have significantly decreasing mean streamflow trends during the October-December and July-September seasonal periods, respectively. during August; and 08NM171 during February, March, and April) and decreasing (08NM174 during August, September, and October; 08NM050 during November and December) minimum monthly streamflows are evident, although there are no clear patterns throughout the watershed, and no evidence of a consistent temporal decline in minimum monthly streamflows during the sensitive summer low flow period.
Similar results were obtained for maximum monthly streamflows in the tributary streams. Significant temporal increases are occurring at stations 08NM142 (March), 08NM174 (April), 08NM134 (April), and 08NM171 (April), with corresponding significant temporal decreases occurring at 08NM174 and 08NM171 during September. The two mainstem stations at 08NM050 and 08NM002 are exhibiting significant increases in maximum monthly streamflows between June and September at both stations, as well as during February and March at the further downstream station 08NM002. A significant temporal decline in maximum monthly streamflows is occurring at 08NM050 during November. An increase in maximum monthly streamflows during the spring snowmelt period is clear at five of the nine overall stations, and four of the five unregulated stations, consistent with the increases in mean monthly streamflows at these stations during these time periods. Increasing mean and maximum monthly streamflows on the two mainstem Okanagan River stations during the summer period appear to reflect water management policies for releases from the upstream dams, rather than any changes in watershed hydrology during this timeframe.
In attempting to determine the source of any perceived hydrologic trends, one of the critical issues that cannot be overcome is the short length of many hydrologic records. Hydrometric records that incompletely incorporate climatic cycles such as the Pacific Decadal Oscillation (PDO) [40] and the El Nino-Southern Oscillation (ENSO) will show inherent systematic biases unrelated to anthropogenic climate forcings. Furthermore, there has been extensive logging in the Okanagan River watershed over the past century (including current activity). As Figure 4 illustrates, substantial portions of the total watershed have been recently logged, and are in various stages of reforestation. Logging activities are known to significantly disrupt local and downstream hydrology [41] [42] [43] [44] [45] [46] [47] [48] , thereby altering the timing and magnitude of streamflows (particularly during the spring freshet flood and late summer low flow periods).
Human settlement has also increased rapidly in the region [19] , leading to conversion of previously natural landscapes into municipal, industrial, and agricultural lands -all of which have different hydrologic signatures than the previously native systems. Consequently, without a detailed temporally and spatially resolved historically reconstructive coupled climate-hydrology-hydrogeology model for the region, it is impossible to determine whether any observed changes in hydrologic patterns result from natural climatic cycles, anthropogenic changes to the landscape, and/or anthropogenic changes to the climate. Given the complexity of such a required model to rigorously elucidate the source of any changes with the necessary statistical power, as well as the absence of available accurate historical details, it is unlikely such a model could be reliably constructed.
Overall, mean annual streamflows in the Okanagan River watershed are not exhibiting any significant time trends. No consistent declines in monthly minimum streamflows are evident at any point during the hydrologic year. Mean monthly and monthly maximum streamflows in tributary streams to the mainstem system appear to be significantly increasing over time during the spring snowmelt period of March and April. Any temporal changes in flow patterns at the mainstem Okanagan River stations likely reflect alterations in water management strategies over time at the respective upstream dams. b The smallest significance level α with which the test shows that the null hypothesis of no trend should be rejected. n/s=not significant. *=significant at α=0.05. **=significant at α=0.01. ***=significant at α=0.001.
c The Sen's estimate for the true slope of the linear trend. d The lower limit of the 95% confidence interval of Q (α= 0.05). a The absolute value of the test statistic (Z) is compared to the standard normal cumulative distribution to define if there is a trend or not at the selected level α of significance. A positive (negative) value of Z indicates an upward (downward) trend. b The smallest significance level α with which the test shows that the null hypothesis of no trend should be rejected. n/s=not significant. *=significant at α=0.05. **=significant at α=0.01. ***=significant at α=0.001.
c The Sen's estimate for the true slope of the linear trend. d The lower limit of the 95% confidence interval of Q (α= 0.05). 
